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MEASURING AND SIMULATION SYSTEM FOR MACHINE-TOOLS 

OR PRODUCTION MACHINES 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the priority of German Patent Application, 
Serial No. 103 11 027.5, filed March 13, 2003, pursuant to 35 U.S.C. 119(a)-(d), 
the disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a measuring and simulation system 
for machine-tools or production machines. 

[0003] The control parameters of machine tools or production machines 
can be optimally adjusted with the help of measuring and simulation systems. In 
the context of this application, the term "production machine" is used in a generic 
sense and also includes robots which generally follow the concepts outlined 
here. The parameters are first determined with the help of a simulation system, 
wherein the simulation system computes, for example, the transfer function 
and/or of the step response of a rotation speed and/or position control circuit of 
the machine and visualizes the results to a user on a display screen. The control 
parameters can then be optimized based on the visualized a data. Simulation 
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systems of this type are typically implemented external to the machine on an 
external computing device, such as a personal computer or a workstation. 

[0004] Subsequently, the simulation results are checked with the help of a 
measuring system that is independent of the simulation system. The measuring 
system computes the actual transfer function or step response of the rotation 
speed and/or position control circuits from the actual measurement signals 
obtained from the sensors and transducers. In modern systems, such 
measurement systems tend to be implemented as a system component that is 
integrated in the machine, or as a separate external computing device, such as a 
personal computer or a workstation. 

[0005] The fact that the measuring systems and the simulation systems 
are executed on different computing devices or system components, each of 
which have a corresponding display screen, and that the results are also 
displayed on different display screens, makes it difficult foe a user to compare 
the simulated results with the results obtained from the actual measurement. 

[0006] It would therefore be desirable and advantageous to provide an 
improved measuring and simulation system for machine tools or production 
machines, which obviates prior art shortcomings and is able to specifically allow 
a simple and clear comparison between the measurement results and the 
simulation results. 
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SUMMARY OF THE INVENTION 

[0007] According to one aspect of the present invention, a visualization 
system for a machine-tool or production machine includes a measuring and 
simulation system operatively connected to the machine-tool or production 
machine, wherein the measuring and simulation system simulates a desired 
response of the machine-tool or production machine using simulation 
parameters. The measuring and simulation system further measures an actual 
response of the machine-tool or production machine by using the simulation 
parameters. The system includes a single display screen for visualizing the 
desired response and the actual response simultaneous side-by-side on the 
single display screen. 

[0008] According to another aspect of the invention, a method for 
visualizing a simulated and measured response from a machine-tool or 
production machine includes the steps of simulating a response from the 
machine-tool or production machine, determining characteristic parameters 
associated with the simulated response, setting control parameters of the 
machine-tool or production machine based on the determined characteristic 
parameters, measuring an actual machine response obtained with the control 
parameters; and displaying the simulated response and the measured actual 
response simultaneously side-by-side. 
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[0009] According to yet another aspect of the invention, a measuring and 
simulation system for a machine-tool or production machine is disclosed, wherein 
measurement and simulation results are visualized simultaneously side-by-side 
on a common monitor display screen. 

[0010] According to an advantageous feature of the invention, the 
measuring and simulation system is implemented as an integral system 
component of the machine-tool or production machine. This allows the operator 
to optimize the control parameters of the machine directly at the location on the 
machine. 

[0011] According to another advantageous feature of the invention, the 
measurement data for the measuring and simulation system can be transmitted 
via a data bus system or a data network from the machine-tool or production 
machine to the measuring and simulation system. Having the ability to transfer 
the measurement data over a data bus system as well as via a data network 
provides a high degree of flexibility for acquiring data from a measurement and 
simulation system. 

[0012] According to yet another advantageous feature of the invention, the 
measurement data for the measuring and simulation system can be transmitted 
from the machine-tool or production machine to the measuring and simulation 
system in the form of analog signals. In this way, any sensor and/or transmitter 
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that outputs an analog signal can be connected directly to the measuring or 
simulation system.. 

BRIEF DESCRIPTION OF THE DRAWING 

[0013] Other features and advantages of the present invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which: 

[0014] FIG. 1 is a schematic block diagram of a machine tool or 
production machine connected to a measuring and simulation system; and 

[0015] FIG. 2 is a screen display of simulated and actual data 
according to the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0016] Throughout all the Figures, same or corresponding elements are 
generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting in any way. 
It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
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lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0017] Turning now to the drawing, and in particular to FIG. 1, there is 
shown a schematic block diagram of a machine tool or production machine 1 
connected to a measuring and simulation system 2 in accordance with the 
present invention. The production machine 1 is connected with the measuring 
and simulation system 2 via a data network 3 and a data line 4 for transmission 
of data, in particular measurement data from the production machine 1 to the 
measuring and simulation system 2. Also connected to the measuring and 
simulation system 2 is a display 5, which will be described in more detail with 
reference to FIG. 2. The measuring and simulation system 2 can be provided as 
a single integrated program, or can alternatively be implemented as separate 
programs, i.e., one program for the measurement system and a separate 
program for the simulation system. For example, the simulation system can 
simulate and/or compute rotation speed control circuits, position control circuits 
and travel paths of workpieces, as well as the associated frequency responses, 
transfer functions or step responses. As a result of such simulation, for example 
an amplitude-frequency curve of a rotation speed control circuit can be visualized 
to a user on a display screen. These amplitude-frequency curves can be used to 
define optimal control parameters of the machine-tool or production machine 1. 
For example, a controller that can be parameterized with the determined control 
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parameters and subsequently tested. The measured test data are archived by 
the measuring system and the transfer functions, step responses and frequency 
responses of, for example, the rotation speed or position control circuits are 
computed based on the actually measured data and visualized to the user. 

[0018] With the system and method of the invention, the user can clearly 
and directly compare the simulated results with the actually measured results. 
For this purpose, as illustrated in FIG. 2, the simulated results obtained with the 
simulation system and the actual results obtained from the measuring system are 
simultaneously visualized side-by-side on a display screen. The exemplary 
display screen 5 shows on the left-hand side a measurement window 6 which is 
enclosed by dotted lines and displays the actual results obtained with the 
measuring system, whereas the right hand side shows a simulation window 7 
that displays the simulated results obtained with the simulation system. The 
depicted exemplary window displays for sake of illustration and clarity of the 
drawing in the measurement window 6 a single measured amplitude-frequency 
response curve 8 of a rotation speed control circuit (not shown), while the 
simulation window 7 shows a corresponding simulated amplitude-frequency 
response curve 9 of the same control circuit. The user is hereby able to directly 
compare the results of the simulation with the results of the actual measurement 
by visualizing the simulated amplitude-frequency response curve 9 and the 
actually measured amplitude-frequency curve 8 simultaneously side-by-side on 
the common display screen 5. 
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[0019] In the exemplary embodiment depicted in FIG. 1, a data network 3 
and/or data lines 4 are used to transmit the data from the machine tool or 
production machine 1 to the measuring and simulation system 2. The data 
network can be include, for example, FireWire, Ethernet and/or USB interfaces. 
However, in an alternative approach, the data can also be transmitted from the 
machine tool or production machine 1 to the measuring and simulation system 2 
via a data bus system (e.g., Profibus) instead of via a data network 3, in 
particular a real-time-enabled data bus system. If data are available in analog 
form rather than as, e.g., digitized data packets, then these analog signals can 
be transmitted via the data lines 4 to the measuring and simulation system 2, 
where the analog signals are inputted to a suitable analog/digital converter. 

[0020] Furthermore, unlike the afore-described embodiment, where the 
measuring and simulation system was implemented on a common computing 
unit which can be separate from the machine and implemented, for example, on 
a personal computer or a workstation, the measuring and simulation system can 
also be implemented on two separate computing units, namely a first computing 
unit for the measuring system and a second computing unit for the simulation 
system. However, the two separate computing units must then be connected to 
at least one common display screen for visualizing the results simultaneously 
side-by-side. 

[0021] Advantageously, the measuring and simulation system can be 
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integrated as a system component into the machine-tool or production machine. 
A user can then set and optimize the control parameters directly at the location of 
the machine tool or production machine without requiring additional hardware. 

[0022] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0023] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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